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We report on a peculiar propagation of bosons loaded
by a short Laguerre-Gaussian pulse in a nearly flat
band of a lattice potential. Taking a system of exciton-
polaritons in a kagome lattice as an example, we show
that an initially localized condensate propagates in a
specific direction in space if anisotropy is taken into
account. This propagation consists of quantum jumps,
collapses, and revivals of the whole compact states, and
it persists given any direction of anisotropy. This prop-
erty reveals its signatures in the tight-binding model
and, surprisingly, it is much more pronounced in a con-
tinuous model. Quantum revivals are robust to the re-
pulsive interaction and finite lifetime of the particles.
Since no magnetic field or spin-orbit interaction is re-
quired, this system provides a new kind of easily im-
plementable optical logic. © 2020 Optical Society of America
http://dx.doi.org/10.1364/ao.XX.XXXXXX
1. INTRODUCTION
Specially prepared, coherent states [1] of simple quantum sys-
tems, as a harmonic oscillator or a spin, exhibit nondestructive
dynamics along classical trajectories, but, in general, the wave
packets spread out in time. This spreading reverses if the en-
ergies of the system are rational numbers, leading to full or
fractional revivals of the quantum states as, e.g., in the case of
the Brown states [2] of the hydrogen atom [3].
Quantum transport properties change drastically for particles
loaded in a flat band (FB) of a periodic potential [4]. In partic-
ular, in an ideal case described by the tight-binding model, the
particle can occupy only a few neighboring sites of the lattice,
forming the compact localized state (CLS) [5]. The CLS is an
eigenstate of the single-particle Hamiltonian, and thus it does
not propagate nor does it spread in time. In down-to-earth situ-
ation, however, there exist many factors hindering this perfect
localization, including only approximate flatness of the band,
finite lifetime of particles, and interparticle interactions. These
relentless obstacles lead us to the natural questions: Are FBs
actually feasible? How do reasonably small deformations of a
FB affect the dynamics of initially perfect CLSs? And can one at
all speak about any (quasi-)CLSs in realistic circumstances?
We address these issues by studying the dynamics of exciton
polaritons (later polaritons) loaded in a nearly perfect FB. Polari-
tons are typical composite bosons arising due to strong coupling
between the microcavity photons and quantum well excitons [6]
and experiencing dissipation and possessing finite lifetime in
semiconductor microcavities. However, under external coherent
or incoherent excitation they might condense [7, 8], manifesting
macroscopic occupation of a particular state—phenomenon also
referred to as polariton lasing. The state in question can be local-
ized or trapped, and there exist multiple experimental scenarios
of polariton trapping, either in a single state or in a periodic
network. In particular, polaritons can be exposed to spatially-
periodic acoustic waves [9] or created in etched microcavities.
Polariton condensation in artificial periodic potentials has re-
cently become a remarkably active field of research. Polaritons
develop new transport properties if loaded in honeycomb [10],
kagome [11, 12], or 1D and 2D Lieb [13–15] lattices, occasion-
ally forming topologically protected [16–20] and single-particle
quasi-flat bands (which we will also refere to as FBs in what
follows).
Several questions remain open and disputable in this field.
In particular, polariton condensates in FBs possess a rather short
coherence length, and it is unclear if this is the consequence of a
disorder, or condensate fragmentation is a generic property of
out-of-equilibrium systems loaded in a FB. However, a periodic
long-range order can appear spontaneously in resonantly-driven
cavities [21]. Moreover, condensed out-of-equilibrium particles
should not necessarily occupy the lowest energy state (typically
the Γ point). There emerge pi-condensates (at the edge of a
band) in 1D potentials [22] and d-condensates in 2D square lat-
tices [23]. The choice of the phase of the condensate is controlled
by the polariton-polariton interaction, which can also lead to
space-time intermittency regime in microcavities with periodic
potentials (lattices) [24].
Recently, the kagome lattice has been a subject of intense
research thanks to its remarkable properties. In particular, it
represents one of the paradigmatic systems, where frustration
and destructive interference take place. In addition, due to the
presence of FB and CLSs, interacting bosons at low density are
predicted to form a supersolid phase, which manifests itself in
periodic density alterations [25], and the many-body ground
state of high-density bosons in the kagome FB is currently a hot
topic of research [26]. The nearly-localized states in kagome
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lattice flat band have been observed experimentally [27]. Com-
pactness of these states makes them promising candidates for
manipulation of optical quantum information. Our work ad-
dresses the experimentally important question on what happens
to these states in the case of a nonperfect flat band. We show that
there is no simple spreading and decay of CLSs, and deformation
of the lattice can lead to nontrivial quantum revivals, making
this system promising platform for optical logic manipulations.
2. RESULTS AND DISCUSSION
We start by using a regular tight-binding model on a kagome
chain. It has a FB in the case of uniform hoppings. We lift the
FB degeneracy by altering the hopping coefficients in horizon-
tal bonds [see Fig. 1(a)] and study the unitary evolution of the
system initialized in one of the CLSs, which occupies sites of a
single hexagon [Fig. 1(b)]. Namely, the hoppings on the hori-
zontal bonds, indicated by the red color in Fig. 1(a), have half
the value of the non-horizontal bonds. This mimics the lattice
distortion of the continuous model discussed below. Changing
the ratio of the hopping coefficients mainly affects the period of
the revivals and the spreading velocity.
Due to the distortion, the CLS ceases to be an exact eigenstate
and it spreads over the chain with time. We observe a signature
of revivals of the CLS at short times [Fig. 1(c)], and nonperfect
twins of the original CLS that appear at shifted positions. We
note that this is a partial revival, since the whole state of the
quantum system does not fully coincide with its original state,
and it is characterized by the presence of a few CLS condensates
further away from the creation center. Eventually the CLS is
completely destroyed [Fig. 1(d)]. This destruction occurs faster
for stronger distortions.
Figures 1(e) and 1(f) illustrate the full process of the CLS
partial revivals and their eventual destruction in (e) a kagome
chain, when we leave a single layer of hexagons composed of
triangles, and (f) full 2D kagome lattice. We plot the overlap of
every hexagon in the chain with a CLS and time evolution of
the overlaps. One observes rather clear signatures of revivals at
short times, but they are gradually suppressed at longer times.
Similar but weaker signatures also occur in a 2D kagome lattice,
where a stripe of sites with different couplings is introduced.
The revivals of the initial CLS in the tight-binding model are
weaker than the ones seen in the continuous model, that we
discuss next.
We study the formation and propagation of polaritons cou-
pled with an incoherent excitonic reservoir, using the evolution
equations
ih¯
∂ψ
∂t
= Hψ+ P − ih¯
2τp
ψ+
ih¯GnR
2
ψ+ α|ψ|2ψ+ gnRψ(1)
∂nR
∂t
= Pin − nRτR − G|ψ|
2nR, (2)
where ψ is a polariton macroscopic wave function, H =
− h¯22mp∇2 +V is the Hamiltonian, responsible for the propagation
of the particles with the effective mass mp in a kagome lattice
potential V, shown in Fig. 2(a); P is the coherent pumping term;
τp and α are the polariton lifetime and polariton-polariton inter-
action constant, respectively; g is polariton-reservoir interaction
constant; nR is the reservoir particle density, which is incoher-
ently pumped by the Pin term and has a finite lifetime τR; the
reservoir and polaritons are coupled by a phenomenological
constant G.
Taking V = 0 inside the lattice sites (pillars) and V = 30 meV
outside the pillars, we first solve the eigenvalue problemHψ =
Eψ in the framework of the continuous model, and we find the
band structure, shown in Fig. 2(b). We note that, unlike the tight-
binding model, the third band here is only approximately flat.
To create a CLS of the nearly flat band, we employ a coherent
Laguerre-Gaussian (LG) pump at the center of the lattice, as
shown in Fig. 2(c), and which is given by
P = P0
( r
R
)l
L0l
(
r2
R2
)
exp
[
−
(
r2
R2
)
+ i(lφ−ω0t)
]
, (3)
where P0 is the pump amplitude, r is the radial distance from
the center of the plaquette, φ is the azimuth angle, R = 0.7 µm
is the radius of the pumping ring, l = 3 determines the phase
difference between neighboring lattice sites (adjacent pillars),
which in our case is pi [see Fig. 2(d)]. Furthermore, ω0 is the
pump frequency, which we put equal to the frequency of the
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Fig. 1. Tight-binding description. (a) A kagome chain, with
red (horizontal) bonds having half the hopping integrals of the
other (black) bonds. State of the system: (b) t = 0 (arb. units),
initial state is the exact CLS; (c) t = 4.7; (d). t = 12.4. (e-f)
Density plot of CLS revivals evolution in time with a kagome
chain and kagome lattice, respectively: every point of the y-
axis is a hexagon. The color denotes the value of the overlap
with a CLS. The vertical line in (e) indicates the time shown in
(c) and the black dots represent the two copies of the original
CLS.
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third band of the kagome lattice at the Γ point. For short pulses,
the spreading in energy is greater than the width of the flat band,
so that the exact coincidence of frequencies is not necessary for
the CLS excitation.
We note, that it is convenient to excite CLSs in kagome lattice
with the Laguerre-Gaussian pump, as compared to the Lieb
lattice [28], due to the absence of parasite pumping of the sites
outside the CLS, i.e., the sites, where the population should be
zero as a result of destructive interference.
We apply this coherent pump for a short time, thus making
a short pulse, of about 0.5 ps duration, to generate the CLS and
let it evolve with the support of the continuous background
incoherent pumping Pin. In the absence of Pin the population
of the system quickly decreases. The subthreshold pumping
Pin < Pth = (GτRτP)−1 helps to prolong the existence of the
condensate, by compensating the losses due to the finite lifetime.
Nevertheless, this background incoherent pump does not hinder
the revival phenomenon, as we show below.
It is important, that the main excitation comes from the reso-
nant Laguerre-Gaussian pulse. We assume this pulse alone to be
strong enough to create substantial macroscopic occupation of
CLS, such that its evolution can be described by mean-field equa-
tion even without additional non-resonant pumping. The non-
resonant pumping improves applicability of the Gross-Pitaevskii
equation by additional feeding of this macroscopic state. It is
assumed that the number of particles is still macroscopic after re-
vivals, so that the semiclassical description remains valid. On the
other hand, it is necessary to keep the background non-resonant
pumping below the threshold. Otherwise, the effect would be
masked by the spontaneous condensate formation.
Similarly to the tight-binding case, we introduce anisotropy
in the system, as it is shown in Fig. 3, and solve Eqs. (1) and (2)
numerically. As a result, we observe (i) quasi-1D propagation
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Fig. 2. System schematic. (a) A 2D Kagome lattice. A compact
localized state can be created at the center of the lattice, occu-
pying six pillars. (b) The band structure, showing two lowest
dispersive bands and the highest non-dispersive one. (c) The
intensity of Laguerre-Gaussian (LG) pumping, that aligns well
with the hexagonal structure of the kagome lattice. (d). Phase
of the LG beam.
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Fig. 3. (a) The kagome y-squeezed strip. (b) Red pillars are
squeezed vertically. Snapshots of CLS at 1 ps (c), 14 ps (d),
18 ps (e), and 32 ps (f). (see Visualization 1). The vertical lines
indicate times, shown in (d-f). (g) Temporal evolution of the
number of particles in CLS at the center of the strip for differ-
ent polariton-reservoir interaction constants: manifestation of
the partial revivals. (Inset) Comparison of the time evolution
of the CLS weight in the tight-binding (red) and continuous
(blue) model.
of the CLSs in certain directions, which can be seen as partial
jumps, and (ii) revivals of the CLSs at their original position and
at different positions in space.
We study the kagome strips squeezed in y-direction, as shown
in Figs. 3(a,b) We note that experimentally there exist two meth-
ods to squeeze the lattice. One way is to etch the lattice with a
defective line, where the distances are slightly different. Another
way is to apply unidirectional mechanical stress to the lattice,
which will cause effective deformation of the lattice. In this work
we simulate the former method. The lattice constant is 3µm. The
radius of the pillars is 0.65µm and the pillars are shifted as 0.1µm.
The revival of the CLS on a kagome y-squeezed strip is shown
in Fig. 3(c-f). The LG beam shines in the center of the lattice for
0.5 ps. Figure 3(c) shows the particle density when the coherent
pump is switched off. The condensate now propagates both to
the left and to the right, and the CLS at the center of the strip
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completely disappears at about 14 ps. At the same time there
appear new CLSs next to the center, see Fig. 3(d). Further on,
the condensate continues to propagate and creates new CLSs in
neighboring sites, but the CLS at the center is partially restored
at 32 ps, see Fig. 3(e). Figure 3(f) shows that the CLS at the center
of the strip disappears again and the condensate reaches the
boundary of the system. Figure 3(g) shows the influence of the
interaction constant g on revivals. By increasing g, the number
of particles in the strip decreases. This figure also proves that the
revival phenomenon still occurs with higher polariton-reservoir
interaction.
In this work, we considered a clean system and disregarded
any structural disorder. Typical potential disorder in polariton
lattices of 0.2 meV is much smaller than the height 30 meV of the
potential barriers in the kagome lattice. Thus we do not expect
strong suppression of the revivals. We note also, that the effect
has an essentially local character: the particles created by the
initial pulse spread and come back involving a few lattice sites
only. Therefore, experimentally one can try to find a place in the
lattice with particularly weak disorder to observe the revivals.
The most prominent feature of revivals is that new CLSs
inherit and bequeath the shape of the original CLS. The memory
is also conserved in the phases of the wave functions of CLSs,
which separate after another collapse and reunite at later time.
This phenomenon does not require the transport through the
edge states, or external magnetic field, or some particular type
of spin-orbit coupling, and still the particles show spectacular
quantum propagation, keeping the entrusted memory.
We expect the effect to persist in other lattices with a de-
stroyed FB. For other lattices, the revivals might be absent if, e.g.,
the FB is protected by a symmetry and the deformations respect
the symmetry, as in the case of the deformed Lieb lattice.
3. CONCLUSIONS
We reported on a peculiar unexpected dynamics of bosonic con-
densates loaded in a distorted kagome lattice, where the trans-
port of particles manifests itself in jumps and partial quantum
revivals of compact localized states. In the tight-binding model,
the dynamics of the initial CLS takes place by its reappearance
in the neighboring sites, but the revival of the original CLSs is
not observed. In contrast, in the continuous model, the defor-
mation of the nearly flat band by squeezing the lattice in either
horizontal or vertical direction leads to visible revivals of the
polariton wave packet. The physical mechanism of the revival
phenomenon is the constructive interference of waves reflected
back from the lattice while propagating uni-dimensionally. This
effect can be additionally supported by a background pump,
opening new possibilities for developing all-optical logical el-
ements based on polariton condensates in nearly flat bands.
We expect that our work will stimulate the research towards
building new quantum devices, such as kagome optomechani-
cal lattice [29]. Moreover, exciton-polariton delocalization and
revivals can be used for information transfer and storage [30].
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